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(54) Contour restoration apparatus. 

(5?) A contour restoration circuit comprises an 
input terminal, a plural of delay circuits connec- 
ted to the input terminal in series, a maximum 
value detection circuit, a minimum value detec- 
tion circuit, a mean value calculating the mean 
value from the maximum and minimum values, 

a subtractor for subtracting the mean 
value from the input video signal, a gain con- 
troller for the subtracted signal, an adder for 
adding the gain controlled signal to the input 
video signal and an output terminal. 

Also, there are disclosed many variations for 
correcting overshoots and undershoots upon 
contour restoring the input video signal. 
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BACKGROUND OF THE INVENTION 

1. Fi Id f the Invention 

The present invention relates to a contour restor- 
ation apparatus for restoring degraded contours of re- 
ceived images and improving the sharpness of repro- 
duced images. 

2. Description of the Related Art 

In a conventional color television transmission 
system, the sharpness of images reproduced by the 
receivers is reduced because of the limited band- 
width of the transmission. For example, in the NTSC 
system the bandwidth of luminance signals is limited 
to the maximum frequency of 4.2 MHz. Therefore, 
even if a picture is taken by an ideal camera tube, the 
slope of a change in luminance levels of a built-up im- 
age from black to white or white to black at the receiv- 
er can not be increased beyond a certain value, and 
the contours of the image look slightly blurred. 

In order to remove the blur of reproduced images, 
recent years have seen contour restoration appara- 
tuses that generate the second-derivative of the re- 
ceived signal and add it to the received signal to ach- 
ieve contour restoration. 

In the following is described a prior contour re- 
storation apparatus. 

Fig. 34 shows a block diagram of the prior contour 
restoration apparatus. In Fig. 33, reference numeral 1 
denotes an input terminal for video signals, 11 and 12 
denote delay circuits that delay the signal for a pre- 
determined period of time, 13, 14, and 15 denote mul- 
tipliers, 16 and 18 denote adders, 17 denotes a gain 
controller that varies the contour restoration level, 
and 2 denotes an output terminal. Fig. 35 shows the 
waveforms of signals at points a to i in Fig. 34. 

The operation of the contour restoration appara- 
tus organized as above is described below with refer- 
ence to Figs. 33 and 34. First, a video signal input to 
the input terminal 1 is applied to the delay circuit 11 
and the multiplier 13. The output signal of the delay 
circuit 11 is applied to the delay circuit 12, the multi- 
plier 14, and the adder 1 8. The output signal of the de- 
lay circuit 12 is applied to the multiplier 15. For exam- 
ple, if a video signal at point a having a waveform (a) 
of Fig. 35 is input to the input terminal 1, then signals 
at points b and c output from the delay circuits 11 and 
12 have respectively waveforms (b) and (c) of Fig. 34. 
The original input signal at point a and signals at 
points b and c output from the delay circuits 11 and 
12 are applied to the multipliers 13, 14, and 15, re- 
spectively. If the coefficients of the multipliers 13, 14, 
and 15 are respectively Ka =-1, Kb = 2, and Kc = -1, 
then signals at points d, e, and f output from the mul- 
tipliers 13, 14, and 15 have respectively waveforms 
(d), (e), and (f) of Fig. 35. These three signals are add- 



ed by the adder 16, which outputs the second deriv- 
ative of the original input video signal as shown in Fig. 
35 (g) at point g. The output signal of the adder 16 is 
applied to the gain controller 17, which adjusts the 

5 amplitude of the signal at any given gain. For exam- 
ple, if the gain is 2, the signal at point h output from 
the gain controller 17 has a waveform shown in Fig. 
35 (h). The output signals of the gain controller 17 and 
the delay circuit 11 are added by the adder 18, which 

w outputs a signal at point i having a waveform (i) of Fig. 
35 through the output terminals. This output signal 
is the desired signal that has removed a blur of the 
contour. 

Prior contour restoration apparatus thus im- 
15 proves the sharpness of contours by obtaining a sig- 
nal having steep slopes in contour parts. 

However, effects of contour restoration are small 
on gently-sloping contours, and an increased contour 
gradient is accompanied with an addition of under- 
20 shoots and overshoots so that image sharpness is im- 
proved at the expense of unnatural black and white 
hems added to a contour. 

SUMMARY OF THE INVENTION 

25 

The object of the present invention is therefore to 
provide contour restoration apparatus that restores 
contours by increasing contour gradients without add- 
ing excessive undershoots and overshoots. 

30 In order to achieve the aforementioned objective, 

according to the present first invention, there is pro- 
vided a contour restoration apparatus comprising a 
signal level detector that detects the maximum and 
minimum amplitude levels of an input video signal and 

35 an arithmetic processor that performs arithmetic 
processing of the input video signal and the output 
signals of the signal level detector. 

According to the second invention, there is pro- 
vided a contour restoration apparatus comprising a 

40 signal level detector that detects the maximum and 
minimum amplitude levels of an input video signal, an 
arithmetic processor that performs arithmetic proc- 
essing of the input video signal and the output signals 
of the signal level detector, an amplitude controller 

45 that reads the output signal of the arithmetic proces- 
sor, an adder that adds the input video signal and the 
output signal of the amplitude controller, and a nonli- 
near processor that reads the output signals of the 
signal level detector and the adder. 

so According to the third invention, there is provided 

a contour restoration apparatus comprising a signal 
level detector that detects the maximum and mini- 
mum amplitude levels of an input video signal, an ar- 
ithmetic processor that performs arithmetic process- 

55 ing of the input video signal and the output signals of 
the signal level detector, an amplitude controller that 
reads the output signal of the arithmetic processor, an 
adder that adds the input video signal and the output 



3 



EP 0 558 017 A2 



4 



signal of the amplitude controller, a nonlinear proces- 
sor that reads the output signals of the signal level de- 
tector and the adder, and a location detector that 
reads the input video signal and the output signals of 
.the signal level detector and detects the locations 5 
where the maximum and minimum amplitude levels 
are attained. 

According to the fourth invention, there is provid- 
ed a contour restoration apparatus comprising a sig- 
nal level detector that detects the maximum and mini- 10 
mum amplitude levels of an input video signal, an ar- 
ithmetic processor that performs arithmetic process- 
ing of the input video signal and the output signals of 
the signal level detector, an amplitude controller that 
reads the output signal of the arithmetic processor, an 15 
adder that adds the input video signal and the output 
signal of the amplitude controller, a nonlinear proces- 
sor that reads the output signals of the signal level de- 
tector and the adder, and a contour amplitude detec- 
tor that reads the output signals of the signal level de- 20 
tector and detects the amplitude of a contour. 

According to the fifth invention, there is provided 
a contour restoration apparatus comprising a signal 
level detector that detects the maximum and mini- 
mum amplitude levels of an input video signal, an ar- 25 
ithmetic processor that performs arithmetic process- 
ing of the input video signal and the output signals of 
the signal level detector, an amplitude controller that 
reads the output signal of the arithmetic processor, a 
first adder that adds the input video signal and the 30 
output signal of the amplitude controller, a nonlinear 
processor that reads the output signals of the signal 
level detector and the first adder, a contour amplitude 
detector that reads the output signals of the signal 
level detector and detects the amplitude of a contour, 35 
a contour extractor that reads the input video signal 
and extracts a contour restoration component, a sec- 
ond adder that adds the input video signal and the 
output signal of the contour extractor, and a mixer t hat 
mixes the output signal of the nonlinear processor 40 
with the output signal of the second adder. 

According to the sixth invention, there is provided 
a contour restoration apparatus comprising a sam- 
pling period converter that reads a digitized input vid- 
eo signal having sampling period t1 and converts it to 45 
a digitized video signal having sampling period t2 and 
a contour restoration section that reads the converted 
digitized signal having sampling period t2. 

According to the seventh invention, there is pro- 
vided a contour restoration apparatus comprising a so 
signal level detector that detects the maximum and 
minimum amplitude levels of an input video signal, a 
first and second contour restoration circuits that proc- 
ess the input video signal, and a control signal gen- 
erator that generates a control signal that corre- 55 
sponds to the waveform of a video signal restored by 
the first contour restoration circuit based on the out- 
put signals of the signal level detector and the first 



contour restoration circuit. 

According to the eighth invention, there is pr vid- 
ed a contour restoration apparatus comprising a sig- 
nal level detector that detects the maximum and mini- 
mum amplitude levels of an input video signal, a first 
and second contour restoration circuits that process 
the input video signal, a control signal generator that 
generates a control signal that corresponds to the 
waveform of a video signal restored by the first con- 
tour restoration circuit based on the output signals of 
the signal level detector and the first contour restor- 
ation circuit, a contour amplitude detector that reads 
the output signals of the signal level detector and de- 
tects the amplitude of a contour, and a switching cir- 
cuit that reads the input video signal and the output 
signal of the second contour restoration circuit. 

According to the ninth invention, there is provid- 
ed a contour restoration apparatus comprising a sig- 
nal level detector that detects the maximum and mini- 
mum amplitude levels of an input video signal, a mean 
value circuit that reads the output signals of the signal 
level detector, and a switching circuit that reads the 
input video signal and the output signals of the signal 
level detector and the mean value circuit. 

The contour restoration apparatus of the first in- 
vention provides sufficient effects on contour restor- 
ation for gently-sloping contours. 

The contour restoration apparatus of the second 
invention does not add undershoots or overshoots to 
its restored contour so that, in addition to the effects 
of the apparatus of the first invention, contour restor- 
ation is achieved without adding unnatural black and 
white hems to a contour. 

The contour restoration apparatus of the third in- 
vention does not perform contour restoration, if the 
maximum value and the minimum value of the ampli- 
tude of the input video signal are attained at unique 
points in the same direction from a pixel under con- 
sideration, so that, in addition to the effects of the ap- 
paratus of the second invention, the geometric struc- 
ture of the original image is not lost 

The contour restoration apparatus of the fourth 
invention sets the restoration amount at low levels for 
areas in which contour amplitude is large so that, in 
addition to the effects of the apparatus of the second 
invention, distortions that occur in oblique contours 
are suppressed. 

The contour restoration apparatus of the fifth in- 
vention outputs restored contour signals with high fre- 
quency enhancement for areas in which contour am- 
plitude is large so that, in addition to the effects of the 
apparatus of the second invention, distortions that 
occur in oblique contours are suppressed, and effects 
on contour restoration are also obtained. 

The contour restoration apparatus of the sixth in- 
vention performs contour restoration after converting 
the sampling period of the digitized input signal so 
that, in addition to the effects of the apparatus of the 



3 



5 



EP 0 558 017 A2 



6 



second invention, distortions that occur in oblique 
contours are suppressed. 

The contour restoration apparatus of the seventh 
invention adjusts the amplitude of a restored contour 
signal atany givengain, if an undershoot or overshoot 5 
is detected by the control signal generator, so that 
high-slope contours are obtained without adding ex- 
cessive undershoots or overshoots, and unnatural- 
ness in contours of an image are reduced. 

The contour restoration apparatus of the eighth 10 
invention does not perform contour restoration for 
areas in which contour amplitude is small so that, in 
addition to the effects of the apparatus of the seventh 
invention, noise and the like are not enhanced. 

According to the contour apparatus of the ninth 15 
invention, a steep slope of a contour is obtained with- 
out adding undershoots or overshoots, and contour 
restoration is achieved without adding unnatural 
black and white hems to a contour. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the pres- 
ent inventions will become clear from the following de- 
scription taken in conjunction with the preferred em- 25 
bodiments thereof with reference to the accompany- 
ing drawings throughout which like parts are desig- 
nated by like reference numerals, and in which: 

Fig. 1 shows a block diagram of the contour re- 
storation apparatus according to the first preferred 30 
embodiment of the present invention. 

Fig. 2 shows the waveforms of signals at points 
a to k indicated in Fig. 1. 

Fig. 3(A) shows waveforms which represent a 
contour restoration effect according to the prior art 35 
shown in Fig. 33. 

Fig. 3(B) shows waveforms which represent a 
contour restoration effect according to the first em- 
bodiment. 

Fig. 4 shows a block diagram of the contour re- 40 
storation apparatus of the second preferred embodi- 
ment according to the present invention. 

Fig. 5 shows a composition of the non-linear 
processing circuit shown in Fig. 4. 

Fig. 6 shows waveforms of signals at points f to I 45 
shown in Fig. 6. 

Fig. 7 shows a block diagram of the contour re- 
storation apparatus according to the third preferred 
embodiment of the present invention. 

Fig. 8 shows a block diagram of the location de- so 
tection circuit shown in Fig. 7. 

Fig. 9 shows waveforms of signals at points a to 
I shown in Fig. 7. 

Fig. 10 shows waveforms for showing a manner 
how a geometric configuration of an original image is 55 
lost according to the second preferred embodiment. 

Fig. 11 shows a block diagram of the contour re- 
storation apparatus according to the fourth preferred 



embodiment of the present invention. 

Fig. 12 shows waveforms of signals at points c to 
£ shown in Fig. 1 1 when two types of video signals are 
input, respectively. 

Fig. 13 shows a block diagram of the contour am- 
plitude detector shown in Fig. 12. 

Fig. 14 shows a manner how obtique contours are 
distorted in the second embodiment. 

Fig. 15 is a microscopic explanation how an im- 
age having an oblique contour is distorted in the sec- 
ond embodiment. 

Fig. 1 6 shows a block diagram of the contour re- 
storation apparatus according to the fifth preferred 
embodiment of the present invention. 

Fig. 17 shows waveforms of signals at points c, 
q, r, Q and S shown in Fig. 16. 
Fig. 18 shows a block diagram of the contour ex- 
tractor according to the fifth embodiment. 

Fig. 1 9 shows a block diagram of the contour re- 
storation apparatus according to the sixth preferred 
embodiment of the present invention. 

Fig. 20 shows waveforms of signals according to 
the sixth embodiment. 

Fig. 21 shows a block diagram of the sampling 
rate converter of the sixth embodiment. 

Fig. 22 shows a block diagram of the contour re- 
storation apparatus according to the seventh prefer- 
red embodiment of the present invention. 

Figs. 23(A) and 23(B) show block diagrams of the 
first and second contour restoration circuits according 
to the seventh embodiment, respectively. 

Fig, 24 shows a block diagram of the combined 
first and second contour restoration circuits according 
to the seventh embodiment. 

Fig. 25 shows a block diagram of the control sig- 
nal generator according to the seventh embodiment. 

Fig. 26 shows waveforms of signals at respective 
points shown in Figs. 23(A) and 23(B) or Fig. 24 ac- 
cording to the seventh embodiment. 

Fig. 27(A) shows characteristic curves of signals 
restored with various gain values according to the pri- 
or art. 

Fig. 27(B) shows a characteristic curve of a signal 
restored according to the seventh embodiment of the 
present invention. 

Fig. 28 shows a block diagram of the contour re- 
storation apparatus according to the eighth preferred 
embodiment of the present invention. 

Fig. 29 shows a block diagram of the contour am- 
plitude detector shown in Fig. 28. 

Fig. 30 shows a block diagram of the switching 
circuit shown in Fig. 28. 

Fig. 31 shows waveforms of signals at respective 
points shown in Figs. 28, 29 and 30. 

Fig. 32 shows a block diagram of the contour re- 
storation apparatus according to the ninth preferred 
embodiment of the present invention. 

Fig. 33 shows waveforms of signals at respective 
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points shown in Fig. 32. 

Fig. 34 shows a block diagram of a prior contour 
restoration apparatus. 

Fig. 35 shows waveforms of signals at respective 
points shown in Fig. 34. 5 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments according to the w 
present inventions wilt be described below with refer- 
ence to the attached drawings wherein same refer- 
ence numerals denote same elements all through the 
preferred embodiment. 

15 

First preferred embodiment 

Fig. 1 shows a block diagram of the contour re- 
storation apparatus according to the f irstembodiment 
of the present invention. In Fig. 1 , a reference numeral 20 
1 denotes an input terminal for video signals, 200 de- 
notes a signal level detection circuit, 300 denotes an 
arithmetic processing circuit, 70 denotes a gain con- 
troller, 80 denotes an adder, and 2 denotes an output 
terminal. 25 

The signal level detection circuit 200 comprises 
four delay circuits 30a, 30b, 30c and 30d which are 
connected in series to the input terminal 1, a maxi- 
mum value detection circuit 40 for detecting a maxi- 
mum value among five signals at points a to e and a 30 
minimum value detection circuit 50 for detecting a 
minimum value among those five signals. Each delay 
circuit delays an input signal for a predetermined de- 
lay time set, for example, to the period of one pixel. 

The arithmetic processing circuit comprises a 35 
mean value circuit 310 for calculating a mean value 
from outputs of the maximum and minimum detection 
circuits 40 and 50 and a subtractor 320 for subtracting 
the mean value obtained by the mean value circuit 
310 from the video signal c delayed by two delay cir- 40 
cuits 30a and 30b. 

The operation of the contour restoration appara- 
tus organized as above is described below. First, a 
video signal applied to the input terminal 1 is applied 
to the signal level detection circuit 200. The input vid- 45 
eo signal applied to the signal level detection circuit 
200 is delayed by t he delay circuits 30a, 30b, 30c, and 
30d, sequentially, and the input video signal and the 
output signals of all the delay circuits are input to the 
maximum value detection circuit 40 and minimum val- so 
ue detection circuit 50, respectively. The output sig- 
nals of the maximum value detector 40, minimum val- 
ue detector 50, and delay circuit 30b are applied to the 
arithmetic processing circuit 300, where the output 
signals of the maximum value detector 40 and mini- 55 
mum value detector 50 are input to the mean value 
circuit 310, which outputs their mean value. The out- 
put signal of the mean value circuit 31 0 is input to one 



of the input terminals of the subtractor 320, and the 
output signal of the delay circuit 30b is input to the 
other input terminal of the subtractor 320. The output 
signal of the subtractor 320 is input to the gain con- 
troller 70. The output signal gain controlled by the 
gain controller 70 is provided to one of the input ter- 
minals of the adder 80, and the output signal of delay 
circuit 30b is provided to the other input terminal of 
the adder 80. The added output signal of the adder 80 
is output through the output terminal 2 as a video sig- 
nal having a restored contour. 

The operation of the contour restoration appara- 
tus is described below in detail with reference to Fig. 
2. First, if a video signal shown in (a) of Fig. 2 is ap- 
plied to the input terminal 1, then the video signal is 
input to the signal level detection circuit 200 and de- 
layed one by one by the delay circuits 30a, 30b, 30c 
and 30d, as shown in (b), (c), (d) and (e) of Fig. 2, re- 
spectively. The maximum value detection circuit 40 
detects the maximum value among signals at points 
a, b, c, d and e of Fig. 1, and outputs a signal shown 
in (f) of Fig. 2 at point f. Similarly, the minimum value 
detection circuit 50 detects the minimum value among 
signals at points a, b, c, d and e, and outputs the sig- 
nal shown in (g) of Fig. 2 at point g. Signals at points 
f and g are input to the arithmetic processing circuit 
300, in which the mean value circuit 310 obtains a 
mean value of these signals and outputs a signal 
shown in (h) of Fig. 2. The subtractor 320 subtracts 
the signal at point h from the signal at point c and out- 
puts a signal shown in (i) of Fig. 2 at point i. The am- 
plitude of this output signal is adjusted at any given 
gain by the gain controller 70, and added to the signal 
at point c by the adder 80. For example, if the gain of 
the gain controller 70 is set at 1, then the signal 
shown in (k) of Fig. 2 is obtained at point k and output 
through the output terminal 2 as a video signal having 
a restored contour. 

Fig. 3 shows a comparison of a contour restora- 
tion effect of the present embodiment (Fig. 3(B)) on 
a gently-sloping contour with that of the prior contour 
restoration apparatus (Fig. 3(A)). In both Fig. 3(A) and 
Fig. 3(B), a contour-restored signal (c) is obtained by 
adding a restoration signal (b) to an input video signal 
(a). Here the gain of restoration signals is 1 in both re- 
storation systems. If we compare restored signals (c) 
of Fig. 3(A) and (c) of Fig. 3(B), we find no effect of 
contour restoration in the middle of the contour of (c) 
of Fig. 3(A) compared with (a) of Fig. 3(A), whereas 
we find clearly a substantial effect in the middle of 
contour in (c) of Fig. 3(B) compared with (a) of Fig. 
3(B). 

As described above, according to the first em- 
bodiment, an input video signal is restored using a re- 
storation signal obtained by detecting the maximum 
and minimum amplitude levels of the input video sig- 
nal in the signal level detection circuit 200 and proc- 
essing the detected signals and the input video signal 
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in the arithmetic processing circuit 300, so that a suf- 
ficient effect of contour restoration is obtained even 
on a gently-sloping contour. 

Second preferred embodiment 

Fig. 4 shows a block diagram of the contour re- 
storation apparatus according to the second prefer- 
r d embodiment of the present invention. This em- 
bodiment is the same as the first embodiment except 
an additional nonlinear processing circuit 90 that 
reads an output signal of the adder 80 and adjusts it 
with output signals of the maximum value detection 
circuit 40 and the minimum value detection circuit 50. 

Fig. 5 shows a composition of the non-linear 
processing circuit 90 employed in the second prefer- 
red embodiment. This non-linear processing circuit 90 
is comprised of first and second comparators 91a and 
91b and a selector 92. The first comparator 91a com- 
pares t he output signal k of the adder 80 with the out- 
put signal f of the maximum value detection circuit 40 
and the second one 91b compares the same with the 
output signal g of the minimum value detection circuit 
50. The selector 92 selects either one of three output 
signals f, k and g in accordance with control signals 
output from the first and second comparators 91 a and 
91b. 

The contour restoration apparatus organized as 
above is described below with reference to Fig. 6. The 
detailed operation is the same as of the first embodi- 
ment shown in Fig. 1 f until theoutputsignal ((k) of Fig. 
5) of the adder 80 is obtained at point k. The output 
signal of the adder 80 is input to the nonlinear proc- 
essing circuit 90, which also reads signals at points f 
and g ((f) and (g) of Fig. 6) as control signals. With 
these control signals the nonlinear processing circuit 
90 performs nonlinear processing of the signal at 
point k. For example, if a level of the signal at point k 
is greater than the corresponding level of the signal 
at point f, then the signal level at point f is output, and 
if a level of the signal at point k is less than the cor- 
responding level of the signal at point g, then the sig- 
nal level at point g is output, and the signal level at 
point k is output in the other case. Then a video signal 
having a restored contour is obtained at point I as 
shown in (I) of Fig. 6 and output through the output 
terminal 2. 

Thus an embodiment according to the second in- 
vention provides a sufficient restoration effect on a 
gently-sloping contour and also does not add under- 
shoots or overshoots so that unnatural black and 
white hems do not appear on contours. The method 
of restoring contours described above will hereafter 
be referred to as a contour gradient restoration type. 

Third preferred embodiment 

Fig. 7 shows a block diagram of a contour restor- 



ation apparatus according to the third embodiment of 
the present invention. This embodiment is the same 
, as an embodiment according to the second invention 
except an additional location detection circuit 100 
5 which detects locations where the maximum and 
minimum amplitude levels are attained. To the loca- 
tion detection circuit 100, the input video signal and 
the output signals of delay circuits 30a, 30b, 30c and 
30d f maximum value detector 40, and minimum de- 
10 tector 50 are input. The output signal of the location 
detection circuit 100 is input to the gain controller 70. 

The location detection circuit 100 is constructed, 
for example, as shown in Fig. 8. In Fig. 8, reference 
numerals 101a, 101b, 101c, 101d, 101e, 101f f 101g, 
15 1 01 h t 101i, and 101j denote comparators, and 120 
denotes a logic circuit. First, comparators 101a to 
1 01 e compare respectively signals (a) to (e) of Fig. 9 
with the output signal (g) of the minimum value detec- 
tion circuit 50.. Each comparator outputs a logical val- 
20 ue 1 , if the compared signals are equal; otherwise an- 
other logical value 0 is output. The output values of 
the comparators 1 01a to 101 e are applied to the logic 
circuit 120 as A1 to A5, respectively. Similarly, com- 
parators 101f to 101j compare signals (a) to (e) with 
25 the output signal (f) of the maximum value detection 
circuit 40, respectively, and output logical results to 
the logic circuit 1 20 as B 1 to B5, respectively. The log- 
ic circuit 120 outputs a logical value 0, if one of the 
eight combinations shown in Table 1 is satisfied; 
30 otherwise the logical value 1 is output. 

The operation of the contour restoration appara- 
tus organized as above is described below with refer- 
ence to Fig. 9. First, for example, if a hill-shaped video 
signal as shown in (a) of Fig. 9 is input to the input ter- 
35 minal 1 , then signals at points a to e have respectively 
waveforms (a) to (e) in Fig. 9. The output signals of 
the maximum value detection circuit 40 and minimum 
value detection circuit 50 have respectively wave- 
forms (f) and (g) of Fig. 9. Therefore, a signal having 
40 waveform (h) of Fig. 9 is obtained as an output from 
the mean value circuit 310, and a signal having wa- 
veform (i) of Fig. 9 is obtained as an output from the 
subtractor 320. The operation so far is the same as 
of the first embodiment. Here, the input video signal 
^5 (a), signals (b) to (e) output from the delay circuits 
30a, 30b, 30c, 30d ( and the output signals (f) and (g) 
of maximum value detection circuit 40 and minimum 
value detection circuit (50) are input to the location 
detection circuit 100. 
so The location detection circuit 100 outputs a logi- 

cal value in according with a combination of input sig- 
nals with reference Table 1 . 

In Table 1, first to fourth combinations indicate 
the maximum value and the minimum value are de- 
55 tected at point a or b locating before point c as a point 
under consideration and fifth to eighth combinations 
indicate the maximum and the minimum values are 
detected at point d or e locating after point c. If either 

6 



11 



EP 0 558 017 A2 



12 



one of these eight combinations is satisfied, the logic 
circuit 120 outputs a logical value 0 which indicates a 
false contour restoration and, accordingly, the con- 
tour restoration is cancelled. 



Table 1 



Combination 


A1 


A2 


A3 


A4 


A5 


B1 


B2 


B3 


B4 


B5 


1 


0 


1 


0 


0 


0 


0 


1 


0 


0 


0 


2 


0 


1 


0 


0 


0 


1 


0 


0 


0 


0 


3 


1 


0 


0 


0 


0 


0 


1 


0 


0 


0 


4 


1 


0 


0 


0 


0 


1 


0 


0 


0 


0 


5 


0 


0 


0 


1 


0 


0 


0 


0 


1 


0 


6 


0 


0 


0 


1 


0 


0 


0 


0 


0 


1 


7 


0 


0 


0 


0 


1 


0 


0 


0 


1 


0 


8 


0 


0 


0 


0 


1 


0 


0 


0 


0 


1 



The logical signal output from logic circuit 120 
shown in (m) of Fig. 9 is input to the gain controller 70, 
which sets the gain to 0, if a level of the logical signal 
is 0. Therefore, the gain controller 70 outputs wave- 
form (j) of Fig. 9, which is then added to waveform (c) 
of Fig. 9 by the adder 80, which outputs waveform (k) 
of Fig. 9. As in the second embodiment, waveform (k) 
of Fig. 9 is processed, based on waveforms (f) and (g) 
of Fig. 9, in the nonlinear processing circuit 90, which 
outputs waveform (I) of Fig. 9. 

In order to discuss differences in the contour re- 
storation between the present embodiment and the 
second embodiment, let us consider a case in which 
a hill-shaped contour signal (A) of Fig. 10 having a 
shallow bottom is processed according to the second 
preferred embodiment. 

In this case, signal (B) of Fig. 10 is obtained as 
an output of the maximum value detection circuit 40 
and signal (C) of Fig. 10 is obtained as an output of 
the minimum value detection circuit 50. Therefore, 
the mean value signal becomes (D) of Fig. 1 0, and the 



result obtained by subtracting this mean value signal 
from the original signal (A) becomes (E) of Fig. 10. 
• This result is then added to the original signal, and 
signal (F) is obtained. This signal (F) is processed by 

5 the non-linear processing circuit 90 based on signals 
(B) and (C) of Fig. 10, and signal (G) is obtained. 
Thus, according to the second embodiment, the shal- 
low bottom portion of the original signal (A) is flat- 
tened as shown in (G) of Fig. 10 and, therefore, the 

10 geometric configuration of the original image is lost. 

On the other hand, the present embodiment does 
not bring a distortion on the top of a hill-shaped wa- 
veform, as shown in (I) of Fig. 9. In addition, an effect 
of contour restoration on the falling slope following 

15 the hilltop is apparent. 

As described above, the third embodiment per- 
forms contour restoration without losing the original 
geometric structure of certain contour images. 

Further, the combinations set in the logic circuit 

20 120 are not limited to those shown in Table 1 f but a 
variety of combinations allow the present embodi- 
ment to perform more accurate control. 

Fourth preferred embodiment 

25 

Fig. 11 shows a block diagram of the contour re- 
storation apparatus according to the fourth preferred 
embodiment of the present invention. This embodi- 
ment is the same as the second embodiment except 

30 an additional contour amplitude detection circuit 110. 
The contour amplitude detection circuit 110 is provid- 
ed with the output signals of the maximum value de- 
tection circuit40 and the minimum value detection cir- 
cuit 50, and t he output signal of t he contour amplitude 

35 detection circuit 11 0 is input to the gain controller 70. 

The contour amplitude detection circuit 110 is, for 
example, realized by the circuit of Fig. 13. In Fig. 13, 
a reference numeral 111 denotes a subtractor, and 
112 denotes a coefficient generator. In Fig. 12, output 

40 signals (f) and (g) of the maximum value detection cir- 
cuit 40 and minimum value detection circuit 50 are in- 
put to the subtractor 111, which outputs the subtract- 
ed signal into the coefficient generator 112. Here, the 
results of the subtractor 111 represent contour ampli- 

45 tude levels. The coefficient generator 112 outputs a 
coefficient Kn, which determines the gain of the gain 
controller 70, depending on an input contour ampli- 
tude level. The coefficient generator 112 comprises, 
for example, a comparator, which compares the input 

so signal with a predetermined threshold value and sets 
the coefficient as Kn = 0.5, for example, if a signal lev- 
el is greater than the threshold value. If a signal level 
is less than the threshold value, then the coefficient 
is s t, for example, as Kn = 1.0. 

55 The operation of the contour restoration appara- 

tus organized as above is described below with refer- 
ence to waveforms of Fig. 12. First, if, for example, 
waveforms having different amplitude levels shown in 
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(c) of (A) and (c) of (B) of Fig. 1 2, where (c) shows sig- 
nals at point c in Fig. 11 assuming it is a point under 
consideration, are applied to the input terminal 1, re- 
spectively, then the output signals of the maximum 
value detection circuit 40 and the minimum value de- 5 
tection circuit 50 are respectively (f) and (g) (A) and 
(B) of Fig. 1 3. Therefore, signals having waveforms (i) 
of (A) and (B) are obtained as the output of the sub- 
tractor 320. The operation so far is the same as the 
first preferred embodiment. However, signals (f) and 10 
(g) are also input to the contour amplitude detection 
circuit 110. 

The contour amplitude detection circuit 110 gen- 
erates a coefficient signal km as a gain control signal 
and applies the same to the gain controller 70 into 15 
which the subtracted signal (i) is input. Therefore, the 
waveform of the output signal (i) of the subtractor 320 
is adjusted to produce waveform (j), which is added 
to the output signal (c) of the delay circuit 30b by the 
adder 80 and provided to the nonlinear processing cir- 20 
cuit 90. The nonlinear processing circuit 90 processes 
the input signal based on the output signals (f) and (g) 
of the maximum value detection circuit 40 and the 
minimum value detection circuit 50 as in the second 
embodiment and obtains restored contour signals 25 
having waveforms (I) of Fig. 12. 

In order to compare the present embodiment with 
the second preferred embodiment, suppose that con- 
tour signals having different contour amplitude levels 
shown in (a) of (I) and (II) of Fig. 14 F which are the 30 
same as waveforms shown in (c) of Fig. 12, are proc- 
essed by the second embodiment. Then, restored 
contour signals are shown in (B) of (I) and (II) of Fig. 
14. Since the amplitude suppressed by the nonlinear 
processing circuit 90 is large for a contour having a 35 
large amplitude, the effects on the improvement of 
sharpness are large. However, accompanying distor- 
tions are also large. The distortions become notice- 
able if an oblique contour such as shown in (A) of Fig. 
15 is restored in images reproduced by raster scan- 40 
ning as in a television system. Waveforms corre- 
sponding to scanning lines of (A) of Fig. 15 are shown 
in (B) of Fig. 1 5. If the image (A) is processed for con- 
tour restoration by the second embodiment, then an 
image shown in (C) of Fig. 1 5 is obtained, and a step- 45 
ped distortion is produced in an oblique direction. Wa- 
veforms corresponding to scanning lines of (C) of Fig. 
15 are shown in (D) of Fig. 15. As is clear from (D) of 
Fig. 15, the distortion is caused by the fact that the 
minimum unit of a locattonal shift for representing an so 
oblique line is a one-pixel period, and the amount of 
a shift less than a one-pixel period can not be repre- 
sented. And the greater contour amplitude and effects 
on contour restoration are, the more noticeable dis- 
tortions become. If the contour amplitude is small, 55 
then distortions are hardly noticeable. 

As is clear from waveforms (I) of Fig. 1 2, the pres- 
ent embodiment weakens the effects of contour re- 

8 



storation on a contour having a large amplitude and 
contrast by setting the gain to a small amount and 
suppressing distortions produced in an oblique con- 
tour. On the other hand, for a contour having a small 
amplitude, the present embodiment performs the 
same contour restoration as the second embodiment. 

As described above, the forth embodiment per- 
forms contour restoration without producing distor- 
tions for a contour having any amplitude levels in any 
direction. 

Further, coefficients. produced by the coefficient 
generator 112 are not limited to the two levels of 0.5 
and 1 .0. These values can be set to different numbers 
and at many levels depending on contour amplitude. 

Fifth preferred embodiment 

Fig. 16 shows a block diagram of the contour re- 
storation apparatus according to the fifth preferred 
embodiment of the present invention. This embodi- 
ment is the same as the fourth embodiment except 
that a contour extraction circuit 120, a gain controller 
130, an adder 140, and a mixer 150 are added. Sig- 
nals at points b, c, d in Fig. 16 are applied to the con- 
tour extraction circuit 120, whose output is input to the 
gain controller 1 30. The output signal of the gain con- 
troller 130 is provided to one of the input terminals of 
the adder 140. The other input terminal of the adder 
140 is provided with the signal at point c, and the add- 
ed result is provided to one of the input terminals of 
the mixer 150. The other input terminal of the mixer 
1 50 is provided with the output signal of the nonlinear 
processing circuit 90, and the mixer 150 is controlled 
by the output signal of the contour amplitude detec- 
tion circuit 110. The output signal of the mixer 150 is 
applied to the output terminal 2. 

The operation of the contour restoration appara- 
tus organized as above is described below with refer- 
ence to Fig. 17. First, if, for example, contour signals 
having different amplitude levels shown in (A) and (B) 
of Fig. 17 are applied to the input terminal 1, the wa- 
veform at point c under consideration is (c) of Fig. 17, 
and a restored contour signal, whose wave form is 
shown in (I) of Fig. 17, is output from the nonlinear 
processing circuit 90 after being treated by a contour 
gradient restoration type of processing. The operation 
so far is the same as in the second embodiment. The 
contour extraction circuit 120 is realized, for example, 
by the circuit shown in Fig. 18, where 121a, 121b, and 
121c denote coefficient multipliers, and 122 denote 
an adder. The coefficients of coefficient multipliers 
121a, 121b, and 121c are set, for example, as K1 =- 
1/4, K2 = 1/2, K3 = -1/4, respectively. Then wave- 
forms shown in (q) of Fig. 17 are obtained by adding 
up the multiplied results at the adder 122. In fact, the 
contour extraction circuit 120 is a well-known high fre- 
quency bandpass filter and extracts a certain contour 
component. After its amplitude is adjusted by the gain 
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controller 130, the output signal of the contour extrac- 
tion circuit 120 is added to the original signal (c) of Fig. 
1 7 by the adder 1 40, which outputs a restored contour 
signal that is of a high-frequency-enhanced type and 
has an undershoot and an overshoot, as shown in (r) 
of Fig. 17. 

The contour amplitude detection circuit 110 is re- 
alized by basically the same circuit as in Fig. 13, and 
a signal shown in (o) of Fig. 17 is obtained as output 
from the subtractor 111 of Fig. 13. The coefficient 
generator 112 outputs the coefficient Kn that controls 
themixer 150 based on the amplitude of the input sig- 
nal. For example, if an amplitude level is less than a 
predetermined threshold value T1 f then Kn = 1. If an 
amplitude level is between the threshold value T1 
and another threshold value T2, then Kn = 0.5. If an 
amplitude level is greater than the threshold value T2, 
then Kn = 0. The mixer 150 calculates the following 
formula (1) depending on the coefficient Kn. 

Mixed Output = Kn x I + (1 - Kn) x r (1) 
where I is the output signal of the nonlinear process- 
ing circuit, r is the output signal of the adder 140, and 
0 =s kn =s 1. 

According to formula (1), the less Kn, ie. the 
greater a contour amplitude level is, the greater the 
mixing rate of the restored contour signal of a high- 
frequency-enhanced type becomes. In this way the 
signal shown in (s) of Fig. 17 is obtained as an output 
from the mixer 150. 

As observed from waveforms (s) of Fig. 17, the 
present embodiment suppresses distortions pro- 
duced in oblique contours and gains contour restora- 
tion effects as well by setting a high rate of the re- 
stored contour signal of a high-frequency-enhanced 
type for a contour having large amplitude and con- 
trast. Since the contour restoration of a high- 
frequency-enhanced type is achieved by linear proc- 
essing, this type of contour restoration does not pro- 
duce distortions in oblique contours. On the other 
hand, the present embodiment performs contour re- 
storation of a contour gradient restoration type for 
contours having small amplitude. 

As described above, an embodiment according to 
the fifth invention performs contour restoration with- 
out producing distortions in oblique contours having 
any amplitude. 

Further, the mixing rates of the mixer 150 is not 
limited to three levels but can be set at many levels. 
Also, the composition of the contour extractor 120 is 
not limited to the described one, but can be any circuit 
as long as it can realize a high frequency bandpass 
characteristic. 

Sixth preferred embodiment 

Fig. 19 shows a block diagram of the contour re- 
storation apparatus according to the sixth preferred 
embodiment In Fig. 19, a reference numeral 500 de- 



notes a sampling rate converter, and 400 denotes a 
contour restoration section. The contour restoration 
section 400 is basically the same as the second em- 
bodiment shown in Fig. 4 except that the delay time 
5 of each of the delay circuits 31a, 31b, 31c, and 31d 
is set to a four-pixel period. 

The operation of the contour restoration appara- 
tus organized as above is described below with refer- 
ence to Fig. 20. It is assumed that an input video sig- 

10 nal is a sampled sequence of pixels having a sampling 
period Ts. The sampled sequence is input to the sam- 
pling rate converter 500, which is realized, for exam- 
ple, by the circuit shown in Fig. 21. In Fig. 21, 501 de- 
notes a zero inserting circuit, and 502 denotes an in- 

15 terpolation circuit connected to the zero inserting cir- 
cuit 501. First, the sampled sequence (a) of Fig. 20 is 
applied to the zero inserting circuit 501. If, for exam- 
ple, the original sampling period Ts is converted to 
1/4Ts, then the zero inserting circuit 501 puts three 

20 zero points between two consecutive sampled points 
at 1/4Ts interval and obtains a new sampled se- 
quence shown in (b) of Fig. 20. Sampled sequence (b) 
is input to the interpolation circuit 502, which is, for ex- 
ample, a weighted adder. The interpolation circuit 502 

25 replaces each inserted zero with an interpolated val- 
ue obtained by adding the levels of the original two 
consecutive sampled points with weights corre- 
sponding to the location of the inserted zero. As a re- 
sult, a sampling sequence having sampling period 

30 1/4 Ts shown in (c) of Fig. 20 is obtained and input to 
the contour restoration section 400. The contour re- 
storation section 400 performs the same processing 
as the contour restoration apparatus of the second 
embodiment and outputs a restored contour signal, ie. 

35 a restored sampled sequence, shown in (d) of Fig. 20. 

As observed from (d) of Fig. 20, since the period 
of one pixel, ie. the minimum unit of a locational shift, 
is converted to 1/4 of the one in the second embodi- 
ment, distortions produced in oblique contours are 

40 suppressed (See Fig. 15). 

As described above, the sixth embodiment per- 
forms contour restoration without producing distor- 
tions in oblique contours. 

Further, the conversion rate of sampling period in 

45 the sampling rate converter 500 is not limited to 1/4 
and can be set to any amount so far as a converted 
sampling period is less than the original sampling per- 
iod. Therefore, the delay time of each of the delay cir- 
cuits 31a, 31 b, 31c, and 31d is not limited to 1/4Ts but 

so should be set in accordance with the converted sam- 
pling period. 

Seventh preferred embodiment 

55 Fig. 22 shows a block diagram of the contour re- 

storation apparatus according to the seventh prefer- 
red embodiment of the present invention. In Fig. 22, 
a reference numeral 1 denotes an input terminal for 
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video signals, 200 denotes a signal level detection cir- 
cuit, 610 denotes a first contour restoration circuit, 
620 denotes a second contour restoration circuit, 600 
denotes a control signal generator, and 2 denotes an 
output terminal. A video signal applied to the input ter- 5 
minal 1 is applied to the signal level detection circuit 
200, first contour restoration circuit 610, and second 
contour restoration circuit 620, respectively. The out- 
put signals of the signal level detection circuit 200 and 
first contour restoration circuit 610 are input to the w 
control signal generator 600. The output signal of the 
control signal generator 600 is input to the control ter- 
minal of the second contour restoration circuit 620, 
and the output signal of the second contour restora- 
tion circuit 620 is applied to the output terminal 2. 15 

Signal level detector 200 is the same as signal 
level detection circuit 200 according to the first pre- 
ferred embodiment. 

The first contour restoration circuit 610 and sec- 
ond contour restoration circuit 620 are organized, for 20 
example, as shown in Fig. 23(A) and Fig. 23(B), re- 
spectively. These are basically the same as prior con- 
tour restoration apparatus shown in Fig. 34 except 
that the output signal of the control signal generator 
600 is applied to a gain control terminal of a gain con- 25 
troller 626 of the second contour restoration circuit 
620. Alternatively, the first contour restoration circuit 
610 and second contour restoration circuit 620 can be 
combined into the circuit as shown in Fig. 24. In the 
following description, Fig. 23 is used. 30 

The control signal generator 600 is realized, for 
example, by the circuit shown in Fig. 25. In Fig. 25, the 
output signal f of the maximum value detector 40 of 
the signal level detection circuit 200 and the output 
signal j1 of the first contour restoration circuit 610 are 35 
input to a comparator 601 , where their amplitude lev- 
els are compared. Similarly, the output signal g of the 
minimum value detector 50 of the signal level detec- 
tion circuit 200 and the output signal j1 of the first con- 
tour restoration circuit 610 are input to another com- 40 
parator 602, where their amplitude levels are com- 
pared. The output signals c1 and c2 of the compara- 
tors 601 and 602 are applied to a coefficient genera- 
tor 603, whose output signal is applied to the gain 
control terminal of the gain controller 626 of the sec- 45 
ond contour restoration circuit 620. 

The operation of the contour restoration appara- 
tus organized as above is described below with refer- 
ence to waveforms of Fig. 26. First, if, for example, a 
video signal shown in (a) of Fig. 26 is applied to the so 
input terminal 1,then the signal is delayed by the de- 
lay circuits 30a, 30b, 30c, and 30d of the signal level 
detection circuit 200 and becomes signals (b), (c), (d), 
and (e) of Fig. 26 at points b, c t d, and e respectively. 
The input video signal and signals at points b, c, d, 55 
and e are input to the maximum value detection circuit 
40 and minimum value detection circuit 50, which out- 
put respectively the maximum value (Fig. 26 (f)) and 



the minimum value (Fig. 26 (g)). 

The input video signal is also input to the first con- 
tour restoration circuit 610. If the coefficients of mul- 
tipliers 612, 613, and 614 of the first contour restora- 
tion circuit 610 are respectively Ka = -1 , Kb = 2, and 
Kc = -1, and the set gain is 2, then the output signal 
of the adder 615 becomes (h1)of Fig. 26 at point hi, 
and the output signal of the gain controller 616 be- 
comes (i1 ) of Fig. 26 at point i1 . The last signal is add- 
ed to the output signal of the delay circuit 611b (the 
same as the signal at point c) by the adder 61 7, which 
outputs the signal shown in (j1) of Fig. 26 at pointjl. 
The input video signal applied to the second contour 
restoration circuit 620 is processed in the same way 
up to the adder 625, which outputs the same signal 
as (hi) of Fig. 26 at point h2. 

The restored contour signal output from the first 
contour restoration circuit 610 and the maximum and 
minimum values are input to the control signal gener- 
ator 600, which detects undershoots and overshoots 
that were added to the input video signal by the first 
contour restoration circuit 610 and outputs corre- 
sponding predetermined coefficients. First, the input 
maximum values, ie. the signal at point f, and the out- 
put signal of the first contour restoration circuit 610, 
ie. the signal at pointjl, are input to the comparator 
601, which compares their amplitude levels. For ex- 
ample, if a level of the output signal of the first contour 
restoration circuit 610 is greater than the correspond- 
ing maximum value, then value 1 is output by the 
comparator 601; otherwise value 0 is output. Then 
the output signal of the comparator 601 , ie. the signal 
at point c1 , becomes (d ) of Fig. 26. Similarly, the in- 
put minimum values, ie. the signal at point g, and the 
output signal of the first contour restoration circuit 
610, ie. the signal at pointjl, are provided to the com- 
parator 602, which compares their amplitude levels. 
For example, if a level of the output signal of the first 
contour restoration circuit 610 is less than the corre- 
sponding minimum value, then value 1 is output; 
otherwise value 0 is output. Then the output signal of 
the comparator 602, ie. the signal at point c2, be- 
comes (c2) of Fig. 26. The output signals of the com- 
parators 601 and 602 are applied to the coefficient 
generator 603, which, based on them, outputs a coef- 
ficient K that determines the gain of the gain control- 
ler 626 of the second contour restoration circuit 620. 
For example, K = 0.5 is output, if (d = 1 and c2 = 0) 
or (d = 0 and c2 = 1); otherwise K = 2 is output. In 
this case, the amplitude of the output signal of the ad- 
der 625, ie. the signal at point h2, is adjusted with 
piecewise different coefficients, ie. K = 0.5 on the 
shoot part and k = 2 on the other part that include a 
rising part, by the gain controller 626, and a contour 
restoration signal shown in (i2) of Fig. 26 is obtained 
at point i2. The obtained signal is added to the output 
signal of the delay circuit 621b (the sam as the sig- 
nal at point c) by the adder 627 and output through 
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the output terminal 2 as a video signal having a re- 
stored contour shown in (j2) of Fig. 25. 

The effects of contour restoration by the present 
embodiment is described below with reference to Fig. 
27. Prior contour restoration apparatus described in 
Description of the Related Art performs contour re- 
storation by adding a contour restoration component 
to the input video signal, and the amount of restora- 
tion is controlled by adjusting the amplitude of the re- 
storation component at any given gain. As shown in 
Fig. 27(A) which shows the contour restoration ac- 
cording to the prior art, the greater the gain is set, the 
steeper the rising slope of the waveform of the con- 
tour-restored signal becomes, and the greater the 
added amounts of an undershoot and an overshoot 
become. When performed excessively, this contour 
restoration makes black and white hems and an un- 
natural appearance noticeable in a fine image and in 
parts where the contour amplitude is small. There- 
fore, before adding a restoration component to the in- 
put video signal, the present embodiment indepen- 
dently adjusts the gain for two different parts of the 
restoration component, one part that produces an un- 
dershoot and an overshoot when added to the input 
video signal, and the other part that includes a rising 
part and a falling part. As a result, as shown in Fig. 
27(B), the added amount of an undershoot and an 
overshoot is suppressed while keeping a steep slope 
at a rising part and a falling part. 

As described below, the seventh embodiment 
adjusts the gain with a different coefficient for an un- 
dershoot and overshoot part detected by the control 
signal generator 600 from the other part so that re- 
stored steep contours are obtained without adding ex- 
cessive undershoots or overshoots, and an unnatural 
appearance of contours in an image are reduced. 

Eighth preferred embodiment 

Fig. 27 shows a block diagram of the contour re- 
storation apparatus according to the eighth preferred 
embodiment of the present invention. This embodi- 
ment is the same as the seventh embodiment shown 
in Fig. 22 except an additional contour amplitude de- 
tector 110 that reads the output signals of the signal 
level detection circuit 200 and an additional switching 
circuit 640 that reads the input video signal and the 
output signal of the second contour restoration circuit 
620 and is controlled by the output signal of the con- 
tour amplitude detection circuit 110. 

The operation of the contour restoration appara- 
tus organized as above is described below with refer- 
ence to waveforms of Fig. 31. The operation up to 
second contour restoration circuit 620 is the same as 
that of an embodiment according to the seventh em- 
bodiment. 

The contour amplitude detection circuit 110 is ba- 
sically the same as the one shown in Fig. 13 and de- 



scribed for the fourth embodiment and comprises 
subtractor 111 and comparator 113 as shown in Fig. 
29. The differences between the maximum value, ie. 
the signal at point f, and the minimum value, ie. the 

5 signal at point g, are obtained by the subtractor 111. 
The comparator 113 compares the difference signal, 
ie. the signal shown in (p) of Fig. 31, with a predeter- 
mined threshold value Th and outputs the result. For 
example, if a level of the difference signal is greater 

w than Th, then 1 is output; otherwise 0 is output. Then 
the output signal of the comparator 113 becomes the 
one shown in (kn) of Fig. 31. This signal is output from 
the contour amplitude detection circuit 110 and pro- 
vided to the control terminal of a switching circuit 640. 

15 The switching circuit 640 comprises a timing ad- 

juster 641 and a selector 642 as shown in Fig. 30. 
Based on the control signal at point kn output from the 
contour amplitude detection circuit 110, the switching 
circuit 640 selects the output signal at point j2 of the 

20 second contour restoration circuit 620, if the control 
signal is 1 ; if the control signal is 0, then the input vid- 
eo signal, whose timing is adjusted to that of the sig- 
nal at point j2 by the timing adjuster 641, is selected. 
The output signal at point p of the subtractor 111 rep- 

25 resents the amplitude of a restored contour, and if a 
level of the amplitude is greater than Th, then the re- 
stored contour signal is selected; otherwise the orig- 
inal input video signal is selected. In this way, the sig- 
nal shown in (t) of Fig. 31 is output to the output ter- 

30 minal 2. 

As above, an embodiment according to the 
eighth embodiment adjusts the gain with a different 
coefficient for the undershoot or overshoot part so 
that a restored steep contour is obtained without add- 

35 ing excessive undershoots or overshoots, and an un- 
natural appearance of a contour in an image is re- 
duced. Further, the embodiment does not perform 
contour restoration for the part in which the change 
of contour amplitude is small so that noise .is not en- 

40 hanced. 

Further, as a variant of the present embodiment, 
the output signal of the contour amplitude detector 
110 can be applied to the coefficient generator 603 of 
the control signal generator 600, and levels of contour 

45 amplitude can be additionally taken into consideration 
in setting the coefficients. 

Further, the present embodiments according to 
the seventh and eighth embodiments extracted video 
signals in the horizontal direction, but the extraction 

so can be made in any direction so far as it is the same 
as for the detection of the maximum and minimum 
values. For example, video signals can be extracted 
in the vertical or diagonal direction. Moreover, the 
coefficients of the coefficient generator 603 are not 

55 limited to two values and can be set to many values 
depending on the amount of amplitude in the shoot 
part. Also, the coefficients for the undershoot part 
can be set independently of the coefficients for the 
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overshoot part. 

Ninth preferred embodiment 

Fig. 32 shows a block diagram of the contour re- 
storation apparatus according to the ninth preferred 
embodiment of the present invention. In Fig. 32, a ref- 
erence numeral 1 denotes an input terminal for video 
signals, 200 denote a signal level detection circuit, 
310 denotes a mean value circuit, 700 denotes a 
switching circuit, and 2 denotes an output terminal. 
The signal level detection circuit 200 has the same 
composition as the signal level detection circuit 200 
of the first embodiment shown in Fig. 1. The switching 
circuit 700 comprises a selector 710, and a compara- 
tor 720. In the contour restoration apparatus organ- 
ized as above, a video signal applied to the input ter- 
minal 1 is input to the signal level detection circuit 200 
and delayed by delay circuits 30a, 30b, 30c, and 30d. 
The input video signal and the output signals of the 
delay circuits 30a, 30b, 30c, and 30d are applied to 
the maximum value detection circuit 40 and minimum 
value detection circuit 50. The output signals of the 
maximum value detection circuit 40 and minimum val- 
ue detection circuit 50 are provided to the mean value 
circuit 310 and the selector 710 of the switching cir- 
cuit 700. The output signal of the mean value circuit 
310 and the output signal of the delay circuit 30b, ie. 
the signal at a point under consideration, are input to 
the comparator 720 of the switching circuit 700. In the 
switching circuit 700, the output signal of the compar- 
ator 720 is provided to the control terminal of the se- 
lector 710, and the output signal of the selector 710 
is output through the output terminal 2 as the output 
signal of the switching circuit 700. 

The operation of the contour restoration appara- 
tus organized as above is described below with refer- 
ence to waveforms shown in Fig. 33. If, for example, 
a video signal shown in (a) of Fig. 33 is applied to the 
input terminal 1, then the signal is delayed by the de- 
lay circuits 30a, 30b, 30c f and 30d, and their output 
signals respectively become (b), (c), (d), and (e) of 
Fig. 32. The input video signal and the output signals 
of the delay circuits 30a, 30b, 30c, and 30d, ie. signals 
at points a, b, c, d, and e, are input to the maximum 
value detection circuit 40 and the minimum value de- 
tection circuit 50, where the maximum value (f),.and 
the minimum values (g) input are detected. The max- 
imum value and minimum value are input to the mean 
value circuit 310, which outputs the mean value (h) of 
Fig. 33. In the switching circuit 700, the comparator 
720 compares each level of the output signal of the 
mean value circuit 310 with the corresponding level 
of the output signal of the delay circuit 30b, and the 
selector 710 selects either one of the corresponding 
maximum value and minimum value depending on 
the control signal output from the comparator 720. For 
example, value 1 is output by the comparator 720, if 



a level of the output signal of the delay circuit 30b is 
greater than the corresponding level of the output 
signal of the mean value circuit 310; otherwise value 
0 is output Then the output control signal of the com- 

5 parator 720 becomes as shown in (u) of Fig. 33. If a 
value of the control signal is 1, then the correspond- 
ing maximum value is selected by the selector 710; 
otherwise the corresponding minimum value is se- 
lected. Therefore, the output signal of the selector 

10 710 becomes a video signal having a restored contour 
as shown in (v) of Fig. 33 and is output through the 
output terminal 2 as the output signal of the switching 
circuit 700. 

As described above, the ninth embodiment de- 
15 tects the maximum value, the minimum value, and 
the mean value of the amplitude of an input video sig- 
nal and tests whether each amplitude level of a video 
signal at a point under consideration is greater than 
the corresponding mean value. If it is, then the cor- 
20 responding maximum value is selected; otherwise 
the corresponding minimum value is selected. As a 
result, a video signal having restored contours are ob- 
tained. In this way, the present embodiment obtains 
a steep contour without adding undershoots or over- 
25 shoots and performs contour restoration without pro- 
ducing unnatural black and white hems in contour 
parts. 

Further, in the present embodiment, the mean 
value circuit 310 can be modified so that it reads the 
30 input video signal and the output signals of the delay 
circuits 301, 30b, 30c, and 30d instead of the output 
signals of t he maximum value detection circuit 40 and 
the minimum detection circuit 50 and outputs their 
mean value. 

35 In the present embodiments of the first to ninth 

inventions, video signals at five points in the horizon- 
tal direction were extracted in detecting the maximum 
and minimum values. However, the video signals can 
be extracted in any predetermined direction, for ex- 

40 ample, in the vertical or diagonal direction. Also, in 
detecting the maximum and minimum values, only 
parts of the extracted signals may be used in detect- 
ing the maximum and minimum values; for example, 
the signal level at every other point can be chosen. 

45 Although the present inventions have been fully 

described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications are apparent to those skilled in the art. 

so Such changes and modifications are to be under- 
stood as included within the scope of the present in- 
ventions as defined by the appended claims unless 
they depart therefrom. 



1. A contour restoration apparatus comprising an in- 
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put terminal for video signals; 

a plurality of delay circuits connected in 
series to said input terminal, each of said plurality 
of delay circuits having a predetermined delay 
time for a signal input thereto, 5 

a maximum value detection circuit for de- 
tecting a maximum value among input video sig- 
nal and output signals of said plurality of delay cir- 
cuits, 

a minimum value detection circuit for de- w 
tecting a minimum value among signals same as 
those input to said maximum value detection cir- 
cuit, 

a mean value circuit for calculating a mean 
value of output signals of said maximum and mini- 15 
mum value detection circuits, a subtraction 
means for subtracting said mean value from an 
output signal of selected one of said plurality of 
delay circuits, 

a gain controller for amplifying the output 20 
of said subtraction means with a predetermined 
gain, 

an adder for adding the output of said gain 
controller and said output signal of selected one 
of said plurality of delay circuits, and 25 

an output terminal foroutputiing the output 
of said adder as a contour restrated signal. 

2. The contour restoration apparatus according to 
Claim 1 further comprises a nonlinear processing 30 
circuit to which the output of said adder and the 
maximum and minimum values output by said 
maximum and minimum detection circuits are in- 
put, said nonlinear processing circuit outputting 

the maximum value if the outputsignal of said ad- 35 
der is larger than the maximum value, the mini- 
mum value if the output signal of said adder and 
the output signal of said adder if it is between the 
maximum value and the minimum value. 

40 

3. The contour restoration apparatus according to 
Claim 2 further comprises 

a location detection circuit for comparing 
input video signal and output signals of said plur- 
ality of delay circuits with the maximum value de- 45 
tected by said maximum value detection value 
and comparing input video signal and output sig- 
nals of said plurality of delay" circuits with the 
minimum value detection circuit, 

said location detection circuit controlling so 
the gain of the gain controller at zero if the max- 
imum value and the minimum values are detected 
at the same side when seen from a location of the 
center signal among input video signal and output 
signals of said plurality of delay circuits. 55 

4. The contour restoration apparatus according to 
Claim 2 further comprising 



a contour amplitude detection circuit for 
detecting a difference between the maximum val- 
ue and the minimum value detected by said max- 
imum value detection circuit and minimum value 
detection circuit and controlling the gain of said 
gain controller according to said difference de- 
tected. 

5. The contour restoration apparatus according to 
Claim 2 further comprising 

a contour extraction circuit to which the 
signal locating centrally among input video signal 
and output signals of said plurality of delay cir- 
cuits and signals locating before and after the 
center signal are input, said contour extraction 
circuit comprising multipliers for multiplying each 
of three signals input thereto with a predeter- 
mined coefficient and an adder for adding three 
signals multiplied, 

another gain controller for amplifying the 
output of said contour extraction circuit with a pre- 
determined gain, 

another adderfor adding the output of said 
another gain controller and the center signal, 

a contour amplitude circuit for detecting a 
difference between the maximum value and the 
minimum value detected by said maximum value 
detection circuit and minimum value detection cir- 
cuit and for outputting a coefficient determined 
according to the difference detected, and 

a mixer for mixing the output I of said non- 
linear processing circuit and the output r of said 
another adder according to an equation 
kn x I + (1 - kn) x r 

wherein kn is a coefficient given by said 
contour amplitude detection circuit. 

6. A contour restoration apparatus comprising an in- 
put terminal for a string of video signals having 
been sampled with first sampling interval, 

a sampling rate converter for converting 
said string of video signals to a string of video sig- 
nals having second sampling interval which is 
shorter than said first sampling interval, 

a plurality of delay circuits connected to 
said sampling rate converter in series, each of 
said plurality of delay circuits having a delay time 
determined in accordance with said second sam- 
pling interval 

a maximum value detection circuit for de- 
tecting a maximum value among output signal of 
said sampling rate converter and output signals 
of said plurality of delay circuits, 

a minimum value detection circuit for de- 
tecting a minimum value among signals same as 
those input to said maximum value detection cir- 
cuit, 

a mean value circuit for calculating a mean 
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value of output signals of said maximum and mini- 
mum value detection circuits, 

a subtraction means for subtracting said 
mean value from an output signal of selected one 
of said plurality of delay circuits, 5 

a gain controller for amplifying the output 
of said subtraction means with a predetermined 
gain, 

an adder for adding the output of said gain 
controller and said output signal of selected one 10 
of said plurality of delay circuits, and 

an output terminal for outputting the output 
of said adder as a contour restrated signal. 

A contour restoration apparatus comprising an in- 15 
put terminal for video signals; 

a plurality of delay circuits connected in 
series to said input terminal, each of said plurality 
of delay circuits having a predetermined delay 
time for a signal input thereto, 20 

a maximum value detection circuit for de- 
tecting a maximum value among input video sig- 
nal and output signals of said plurality of delay cir- 
cuits, 

a minimum value detection circuit for de- 25 
tecting a minimum value among signals same as 
those input to said maximum value detection cir- 
cuit, 

a mean value circuit for calculating a mean 
value of output signals of said maximum and mini- 30 
mum value detection circuits, 

a comparator for comparing an output sig- 
nal of selected one of said plurality of delay cir- 
cuits with said mean value calculated by said 
mean value circuit, 35 

a selector for selecting either of said max- 
imum value and minimum value in accordance 
with the output of said comparator, and 

an output terminal for outputting the output 
signal of said selector. 40 

A contour restoration apparatus comprising an in- 
put terminal for video signals; 

a signal level detection circuit being com- 
prised of a plurality of delay circuits connected in 45 
series to said input terminal, a maximum value 
detection circuit for detecting a maximum value 
among input video signal and output signals of 
said plurality of delay circuits, and a nimimum val- 
ue detection circuit for detecting a minimum value 50 
among signals same as those input to said max- 
imum value detection circuit; 

a first contour restoration circuit being 
comprised of a plurality of delay circuits connect- 
ed to said input terminal in series, a plurality of 55 
multipliers for multiplying predetermined coeffi- 
cients to outputs of said plurality of delay circuits, 
an adder for adding outputs of said plurality of 



multipliers, a gain controller for amplifying the 
output of said adder with a predetermined gain, 
and another adder for adding the output of select- 
ed one of said plurality of delay circuits; 

a second contour restoration circuit being 
comprised of a plurality of delay circuits connect- 
ed to said input terminal in series, a plurality of 
multipliers for multiplying predetermined coeffi- 
cients to outputs of said plurality of delay circuits, 
an adder for adding outputs of said plurality of 
multipliers, an auto gain controller for amplifying 
the output of said adder wit h a gain outomatically 
set, 

a control signal generation circuit for gen- 
erating a control signal for said auto gain control- 
ler of said second contour restoration circuit 
which outputs of said maximum value and mini- 
mum value detection circuits and said first con- 
tour restoration circuit are input, said control sig- 
nal generation circuit controlling the gain of said 
auto gain controller to a second value smaller 
than a first value if the output of said first contour 
restoration circuit is larger than the maximum val- 
ue or smaller than the minimum value, and 

an outputterminal for outputting the output 
of said another adder of said second contour re- 
storation. 

9. The contour restoration apparatus according to 
Claim 8 wherein one set of plural delay circuits, 
plural multipliers and an adder connected to said 
plural multipliers are used in common for those of 
said first and second contour restoration circuits. 

10. The contour restoration apparatus according to 
Claim 8 further comprising 

a contour amplitude detection circuit for 
detecting a contour amplitude by subtracting the 
minimum value from the maximum value and for 
outputting a coefficient in accordance with te 
contour amplitude detected thereby, and 

a switching circuit for outputting either of 
the output of the second contour restoration cir- 
cuit and the input video signal delayed so that the 
timing thereof coincides with that of the output of 
the second contour restoration circuit in accor- 
dance with the coefficient output from said con- 
tour amplitude detection circuit. 
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